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SUMMARY 
The I n s t i t u t e  for  Computational Mechanics i n  Propuls ion (ICOMP) i s  operated 
j o i n t l y  by Case Western Reserve U n i v e r s i t y  and the NASA Lewis Research Center i n  
Cleveland, Ohio. 
=f problem-solv ing c a p a b i l i t i e s  i n  a l l  aspects o f  computational mechanics r e l a t e d  
3 t o  propuls ion.  The I n s t i t u t e  began opera t i on  i n  1985. This r e p o r t  descr ibes 
the events l ead ing  to  i t s  format ion,  i t s  o r g a n i z a t i o n  and method o f  operat ion,  
and the techn ica l  a c t i v i t i e s  o f  the first year. 
The purpose of  ICOMP i s  t o  develop techniques t o  improve 
INTRODUCTION 
The I n s t i t u t e  for Computational Mechanics i n  Propuls ion (ICOMP) was 
es tab l i shed  i n  September, 1985 through a Space Act  Agreement, under the auspices 
o f  Case Western Reserve U n i v e r s i t y  and the NASA Lewis Research Center. The 
I n s t i t u t e  i s  intended t o  p rov ide  a means for researchers o f  var ious l e v e l s  o f  
experience and e x p e r t i s e  t o  spend per iods of t i m e  i n  residence a t  the Lewis 
Research Center, per forming research d i r e c t e d  toward the improvement o f  
computational c a p a b i l i t y  i n  the  many broad and i n t e r a c t i n g  d i s c i p l i n e s  o f  
i n t e r e s t  i n  aerospace p ropu ls ion .  This i s  the f i r s t  "annual" r e p o r t  o f  ICOMP. 
The r e p o r t  covers the h i s t o r y  o f  ICOMP, i t s  a c t i v i t i e s  from i t s  i n c e p t i o n  
through December 1986, and a b r i e f  overview o f  i t s  a c t i v i t i e s  o f  1987. 
HISTORY OF ICOMP 
ICOMP began w l t h  a request  from NASA Headquarters i n  A p r i l ,  1981 ask ing 
Lewis to  examine ways i n  which the c a p a b i l i t y  o f  the I n s t i t u t e  for Computational 
Ana lys i s  i n  Science and Engineer ing ( I C A S E )  a t  Langley Research Center might be 
brought t o  bear on problems a t  Lewis Research Center. 
ICASE researchers t o  Lewis t o  work w i t h  Lewis s t a f f  members on problems of 
i n t e r e s t .  From t h i s ,  i t  appeared c e r t a i n  t h a t  t he re  would be m e r i t  i n  
e s t a b l i s h i n g  a computational i n s t i t u t e  a t  Lewis. 
One r e s u l t  was t o  b r i n g  
A Research I n s t i t u t e  for  Advanced Computer Science ( R I A C S )  was being formed 
a t  Ames Research Center us ing I C A S E  as a model. A committee o f  Lewis 
researchers was formed to  r e v i e w  ICASE and t o  consider concepts f o r  a 
computational i n s t i t u t e  a t  Lewis i n c l u d i n g  methods of ope ra t i on  and the scope o f  
research. The p lanning commi t tee  i n c l u d i n g  rep resen ta t i ves  from s i x  
u n i v e r s i t i e s  m e t  on March 14, 1984. The committee reviewed the then c u r r e n t  and 
proposed research a t  Lewis, concluding t h a t  an i n s t i t u t e  be formed, and t h a t  
" the  t h r u s t  of the i n s t i t u t e  should be i n  computational mechanics, s t r e s s i n g  
engineer ing r a t h e r  than mathematics, and emphasizing research i n  h i g h l y  
non l i nea r  (discont inuous even) i n t e r a c t i n g  sys tems. "  
The p lanning committee a l s o  recommended t h a t  a workshop be he ld  t o  def ine 
the scope more e x p l i c i t l y  w i t h i n  t h a t  broad t h r u s t .  
was he ld  a t  Lewis on September 24-25, 1984 which brought together  exper ts  i n  
s t r u c t u r a l  mechanics and f l u i d  mechanics f rom u n i v e r s i t i e s  and indus t r y .  There 
was un i fo rm agreement t h a t  t he  i n s t i t u t e  be formed and t h a t  the scope be: 
advance the understanding o f  aerospace p r o p u l s i o n  phys i ca l  phenomena; to  improve 
computer s imu la t i on  o f  aerospace p r o p u l s i o n  components; and to  focus 
i n t e r d i s c i p l i n a r y  computational research e f fo r ts .  
A workshop f o r  t h i s  purpose 
t o  
I t  was agreed t h a t  t he  broad computational research areas o f  i n t e r e s t  would 
inc lude:  
Computational f l u i d  mechanics for  i n t e r n a l  flow; 
Computational s t r u c t u r a l  mechanics and dynamics; 
M u l t i v a r i a b l e  c o n t r o l  t heo ry  and a p p l i c a t i o n s ;  and 
Computational chemistry and m a t e r i a l  science. 
With the un i fo rm agreement t h a t  such an i n s t i t u t e  would f i l l  a gap i n  
p ropu ls ion  research, funds to  form the i n s t i t u t e  were requested and a l l o c a t e d  i n  
the FY85 budget. This new i n s t i t u t e ,  the I n s t i t u t e  f o r  Computational Mechanics 
i n  Propuls ion, began opera t i on  on September 16, 1985 
THE ORGANIZATION 
This  sec t i on  descr ibes the nature o f  the agreement es tab l i shed  between NASA 
Lewis and Case Western Reserve U n i v e r s i t y  for  the opera t i on  o f  ICOMP. 
f o r m a l i t i e s  which precluded the establ ishment  of  a formal management s t r u c t u r e ,  
a Space A c t  Agreement was formulated w i t h  Case Western Reserve U n i v e r s i t y .  
Due t o  
In t roduc t i on /S ta temen t  o f  Purpose 
The Lewis Research Center has the l ead  r e s p o n s i b i l i t y  w i t h i n  NASA f o r  
The research g e n e r a l l y  i nvo l ves  h i g h l y  research i n  aerospace p ropu ls ion .  
non l i nea r  i n t e r a c t i n g  phenomena and technology, much o f  which can be simulated 
o n l y  by numerical computation us ing  modern computers. 
The many broad and i n t e r a c t i n g  d i s c i p l i n e s  o f  i n t e r e s t  i n  aerospace 
p ropu ls ion  i nc lude  f l u i d  mechanics, aerodynamics, heat t r a n s f e r ,  s t r u c t u r e s ,  
c o n t r o l s ,  and m a t e r i a l s .  To take f u l l  advantage of the c a p a b i l i t y  o f  present 
and f u t u r e  generat ions o f  modern, l a r g e  computers r e q u i r e s  the f u r t h e r  
development o f  computational codes t h a t  are compatiable w i t h  both the 
ca tegor i ca l  needs o f  the problems and the computer a r c h i t e c t u r e s .  
I n  order  to  enable NASA Lewis and the i n t e r e s t e d  s c i e n t i f i c  and techn ica l  
Such an i n s t i t u t e  i s  
community to  move forward r a p i d l y  i n  these areas, a Space Act Agreement was 
entered i n t o  for  the founding of an I n s t i t u t e  f o r  Computational Mechanics i n  
Propuls ion ( ICOMP) under j o i n t  CWRU/NASA Lewis auspices. 
intended t o  prov ide a means f o r  researchers o f  var ious l e v e l s  o f  experience and 
exper t i se  t o  spend per iods o f  t i m e  i n  residence a t  NASA Lewis toward the 
improvement o f  computational capabi 1 i t y  i n  the aforementioned areas o f  
p ropu ls ion  research. 
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Organ i z a t  i ona l  S t r u c t u r e  
The I n s t i t u t e  r e p o r t s  t o  t h e  D i r e c t o r  of NASA Lewis and t o  t h e  Dean o f  Case 
I n s t i t u t e  o f  Technology as shown i n  t h e  accompanying o r g a n i z a t i o n a l  c h a r t  ( f i g .  
1.) .  
chairman. A d m i n i s t r a t i v e  s e r v i c e s  t o  ICOMP a r e  p r o v i d e d  th rough  Case I n s t i t u t e  
o f  Technology and NASA Lewis. 
The o p e r a t i o n  o f  t h e  I n s t i t u t e  i s  t h rough  a s t e e r i n g  committee and i t s  
The research  personnel  employed by  t h e  I n s t i t u t e  a r e  f o r m a l l y  superv i sed  by 
t h e  s t e e r i n g  committee th rough  i t s  chairman. 
I n s t i t u t e  and i t s  research  c o n s t i t u e n c i e s  i s  t h rough  t h e  chairman o f  t h e  
s t e e r i n g  committee. 
The formal l i a i s o n  between t h e  
S t e e r i n g  Committee 
The s t e e r i n g  committee i s  composed of r e p r e s e n t a t i v e s  from NASA Lewis 
appo in ted  by t h e  D i r e c t o r  of t h e  Center and r e p r e s e n t a t i v e s  from Case I n s t i t u t e  
appo in ted  by t h e  Dean. 
s t e e r i n g  committee. 
The Chairman i s  e l e c t e d  from among t h e  members o f  t h e  
The s t e e r i n g  committee i s  t h e  pol icy-making board of t h e  I n s t i t u t e  
o p e r a t i n g  under t h e  broad g u i d e l i n e s  determined by  t h e  D i r e c t o r  o f  NASA Lewis 
and t h e  Dean o f  Case I n s t i t u t e  of Technology. 
a l l  necessary m a t t e r s .  
ensure t h a t  a l l  a c t i v i t i e s  and p o l i c i e s  of t h e  I n s t i t u t e  a r e  c o n s i s t e n t  w i t h  t h e  
aims and o b j e c t i v e s  of t h e i r  r e s p e c t i v e  o r g a n i z a t i o n s .  The o r i g i n a l  composi t ion 
of  t h e  S t e e r i n g  Committee i s  shown i n  f i g u r e  2 .  
I t  meets r e g u l a r l y  to  deal  w i t h  
The CWRU and Lewis members o f  t h e  S t e e r i n g  Committee 
Chairman 
The chairman o f  t h e  S t e e r i n g  Committee has t h e  a u t h o r i t y  and r e s p o n s i b i l i t y  
to  implement t h e  research  and a d m i n i s t r a t i v e  p o l i c i e s  s e t  by t h e  s t e e r i n g  
committee i n  c a r r y i n g  on t h e  o p e r a t i o n  of t h e  I n s t i t u t e .  
o f  NASA Lewis, or h i s  designee, s h a l l  have a u t h o r i t y  t o  dec ide  t h e  l e v e l  o f  NASA 
f u n d i n g  t o  ICOMP on a y e a r l y  b a s i s .  
However, t h e  D i r e c t o r  
Research Personnel 
Research Personnel ,  admi n i  s t r a t i v e l y ,  a r e  employees of ,  or v i  s i  t o r s  t o  Case 
A l l  terms used i n  d e s c r i b i n g  t h e i r  s t a t u s  a r e  i n t e r p r e t e d  i n  t h e  
Western Reserve U n i v e r s i t y  and t h e r e f o r e  s u b j e c t  to  t h e  employment r u l e s ,  
employee b e n e f i t s ,  t r a v e l  p r o t o c o l s ,  e t c . ,  and a l l  o t h e r  p o l i c i e s  of t h e  
u n i v e r s i t y .  
same way t h a t  t hey  p e r t a i n  to  s a i d  u n i v e r s i t y ' s  employees. 
Research personnel  a r e  f u l l - t i m e  or p a r t - t i m e ,  b u t  i n  any case s h a l l  be 
non tenure - t rack .  
Sen io r  Research Associate,  or o t h e r  u n i v e r s i t y  d e s i g n a t i o n ,  acco rd ing  t o  t h e i r  
q u a l i f i c a t i o n s  and as a p p r o p r i a t e  t o  t h e i r  s t a t u s  a t  t h e  I n s t i t u t e .  
w i  1 1  be acco rd ing  t o  q u a l i f i c a t i o n s  and exper ience.  
They may be accorded t h e  d e s i g n a t i o n s  Research Associate,  
S a l a r i e s  
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A d m i n i s t r a t i v e  Serv i ces  
A d m i n i s t r a t i v e  s e r v i c e s  a r e  p r o v i d e d  by  Case Western Reserve U n i v e r s i t y .  
Th is  i n c l u d e s  complete f i s c a l  management o f  t h e  I n s t i t u t e ,  h i r i n g  o f  research  
personnel ,  p r o v i s i o n  o f  employee b e n e f i t s ,  as a p p r o p r i a t e ,  and maintenance o f  
employee reco rds .  The U n i v e r s i t y  a t t o r n e y ' s  o f f i c e  w i l l  be a v a i l a b l e  t o  h e l p  
c l a r i f y  t h e  v i s a  s t a t u s  o f  any v i s i t o r  t o  t h e  I n s t i t u t e  who i s  n o t  a U.S. 
c i t i z e n .  The U n i v e r s i t y ,  however, a c c o r d i n g  to  i t s  e s t a b l i s h e d  p o l i c y  w i l l  n o t  
pursue permanent res idence  s t a t u s  f o r  o t h e r  than  t e n u r e - t r a c k  f a c u l t y .  
The a d m i n i s t r a t i v e  s e r v i c e s  w i l l  be p r o v i d e d  through an Execu t i ve  O f f i c e r  
(who may a l s o  be a member of t h e  s t e e r i n g  committee) and t h e  p a r t - t i m e  s e r v i c e s  
o f  an a d m i n i s t r a t i v e  a i d e .  I n  December 1986, D r .  Char les F e i l e r  was approached 
t o  serve as Execu t i ve  O f f i c e r .  Dar leen  M i d k i f f  serves as t h e  Case Western 
a d m i n i s t r a t i v e  a ide .  M r s .  S h e i l a  Nussbaum was t h e  Lewis a i d e  u n t i l  r e p l a c e d  by 
M r s .  Frances Pipak i n  1987. P ro fesso r  Lavery r e s i g n e d  from t h e  S t e e r i n g  
Committee t o  assume a NASA p o s i t i o n .  
Se rv i ces  P rov ided  by NASA LeRC 
The I n s t i t u t e  and i t s  research  personnel  w i l l  be p r o v i d e d  t h e  f o l l o w i n g  a t  
no c o s t  to  t h e  I n s t i t u t e :  o f f i c e  space for  I n s t i t u t e  personnel ,  use o f  NASA 
computer f a c i l i t i e s ,  and o r g a n i z a t i o n a l  s e r v i c e s  for workshops under j o i n t  
NASA-ICOMP auspices;  however, t h e  e x a c t  l o c a t i o n  o f  o f f i c e  space, i t s  q u a n t i t y ,  
t h e  amount and k i n d  of f u r n i s h i n g s  t h e r e f o r e ,  and the  amount and t imes for use 
o f  NASA computer f a c i  1 i t i e s  s h a l l  o n l y  be p r o v i d e d  as determined to  be ava i  l a b l e  
by t h e  D i r e c t o r  o f  NASA Lewis,  or h i s  designee. 
ICOMP Budget 
The y e a r l y  budget i n c l u d e s  t h e  suppor t  o f  CWRU personnel  who p r o v i d e  
a d m i n i s t r a t i v e  s e r v i c e s  and who serve on t h e  s t e e r i n g  committee. I t  i n c l u d e s  
a l s o  t h e  s a l a r i e s  of t h e  I n s t i t u t e  research  personnel ,  t o g e t h e r  w i t h  p r o v i s i o n  
for  t h e  f r i n g e  b e n e f i t s  o f  e l i g i b l e  p a r t i c i p a n t s  and p r o j e c t e d  t r a v e l  for  
I n s t i t u t e  personnel  o t h e r  than  Federa l  Government employees. 
Independent Responsi b i  1 i t y  
I 
T h i s  Agreement i s  n o t  i n tended  to  c o n s t i t u t e ,  c r e a t e ,  g i v e  e f f e c t  or 
o t h e r w i s e  recogn ize  a j o i n t  ven tu re ,  p a r t n e r s h i p  or fo rma l  bus iness o r g a n i z a t i o n  
o f  any k i n d ,  and t h e  r i g h t s  and o b l i g a t i o n s  o f  t h e  p a r t i e s  s h a l l  be o n l y  those 
e x p r e s s l y  s e t  f o r t h  h e r e i n .  Each p a r t y  s h a l l  remain i ndependen t l y  r e s p o n s i b l e  
f o r  a l l  o f  i t s  own cos ts  and expenses i n  connec t ion  w i t h  t h e  conduct o f  t h e  
I n s t i t u t e  contemplated by t h i s  Agreement, except  as i s  o t h e r w i s e  p r o v i d e d  h e r e i n  
P o i n t s  o f  Technical Contact  
As s p e c i f i e d  i n  the  Space A c t  Agreement, t h e  p o i n t s  o f  r e s p o n s i b l e  
t e c h n i c a l  c o n t a c t  for  each p a r t y  s h a l l  be as f o l l o w s :  
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For CW RU 
Professor E l i  Reshotko 
For NASA 
D r .  Louis A .  P o v i n e l l i ,  NASA Coord ina tor  
Professor o f  Engineer ing Deputy Chief, I n t e r n a l  F l u i d  Mech. D iv .  
Case I n s t i t u t e  o f  Technology Ma i l  Stop 5-3 
Case Western Reserve U n i v e r s i t y  21000 Brookpark Road 
U n i v e r s i t y  C i r c l e  
Cleveland, Ohio 44 
( 2  1 6) 368-6447 
THE 
The hear t  o f  ICOMP 
around the  wor ld .  These 
mechanics and s t r u c t u r a l  
and to  i n t e r a c t  w i t h  the  
Cleveland, Ohio 44135 
06 (21 6) 433-5818 
ICOMP STAFF OF V I S I T I N G  RESEARCHERS 
s i t s  staf f  of v i s i t i n g  researchers,  assemb ed from 
people b r i n g  t h e i r  exper t i se  i n  computational f l u i d  
mechanics t o  Lewis to  advance the  state-of-the-science 
Lewis s t a f f .  The composit ion o f  the  ICOMP s t a f f  
through calendar year 1986 i s  shown f i g u r e  3. From i t s  i n c e p t i o n  t o  the  end o f  
1986 the re  were  23 v i s i t i n g  researchers who were i n  residence for  per iods  
rang ing  from two weeks to  a year. The "h igh  season" occurred d u r i n g  J u l y  and 
August when 14 t o  15 people w e r e  i n  residence. As shown by f i g u r e  3, s i x  people 
were associated w i t h  s t r u c t u r e s  and 17 w i t h  f l u i d  mechanics. Figures 4 and 5 
show ICOMP v i s i t o r s  and some o f  the  ICOMP S tee r ing  Committee members a t  two 
d i f f e r e n t  t i m e s  du r ing  the  year .  
REPORTS AND SEMINARS BY THE ICOMP STAFF 
Reports 
B a l a r i n i  Roberto (CWRU), and Plesha, Michael E. ( ICOMP):  "The E f f e c t s  o f  Crack 
Surface F r i c t i o n  and Roughness on Crack T i p  S t r e s s  F ie lds . "  
- 87-1, February 1987, 17 pages. 
ICOMP Report No. 
A model i s  presented which can be used to  incorpora te  the  e f f e c t s  o f  
f r i c t i o n  and t o r t u o s i t y  along crack surfaces through a c o n s t i t u t i v e  law 
app l i ed  t o  the i n t e r f a c e  between opposing crack surfaces. 
c rack  w i t h  a saw-tooth surface i n  an i n f i n i t e  medium subjected to a 
far-field shear stress i s  solved and the ratios of Mode-I stress intensity 
to Mode-I1 s t r e s s  i n t e n s i t y  a re  c a l c u l a t e d  for var ious  c o e f f i c i e n t s  o f  
f r i c t i o n  and m a t e r i a l  p r o p e r t i e s .  The r e s u l t s  show t h a t  t o r t u o s i t y  and 
f r i c t i o n  lead t o  an increase i n  f r a c t u r e  loads and a l t e r  t he  d i r e c t i o n  o f  
c rack  propagation. 
The problem o f  a 
Chima, Rodr ick V.(NASA Lewis), Turkel ,  E l i  ( I C A S E ) ,  and Schaf fe r ,  Steve 
( ICOMP):  "Comparison o f  Three E x p l i c i t  M u l t i g r i d  Methods fo r  the  Eu ler  and 
Navier-Stokes Equations." ICOMP Report No. 86-3, 1986, 15 pages. 
Three e x p l i c i t  m u l t i g r i d  methods, N i l s  method, Jameson's f i n i t e -vo lume 
method, and a f i n i t e l d i f f e r e n c e  method based on Brandt 's  work, a re  descr ibed 
and compared fo r  two model problems. A l l  t h ree  methods use an e x p l i c i t  
mu l t i s tage  Runge-Kutta scheme on the  f i n e  g r i d ,  and t h i s  scheme i s  a l s o  
descr ibed. Convergence h i s t o r i e s  for i n v i s c i d  flow over a bump i n  a channel 
for  the  f i n e - g r i d  scheme alone show t h a t  convergence r a t e  i s  p r o p o r t i o n a l  
t o  Courant number and t h a t  i m p l i c i t  r e s i d u a l  smoothing can s i g n i f i c a n t l y  
acce le ra te  the scheme. N i l s  method was s l i g h t l y  slower than the  i m p l i c i t l y -  
5 
smoothed scheme alone. Brandt's and Jameson's methods are shown to be 
equivalent in form but differ in their node versus cell-centered 
implementations. 
of CPU time. 
problem verify the accuracy of the finite-difference code. 
slowed considerably on the stretched viscous grid but Brandt's method was 
still 2.1 times faster than Nils method. 
They are about 8.5 times faster than Nils method in terms 
Results for an oblique shock boundary layer interaction 
All methods 
Givi, Peyman (ICOMP), and Kosaly, George (U. of Washington): "On the 
Coalescence-Dispersion Modeling of Turbulent Molecular Mixing," (ICOMP Report 
No. 87-3, July 1987, 24 pages. 
The models of Curl, and Dopazo 
The general coalescence-dispersion (C/D) closure provides phenomenological 
modeling of turbulent molecular mixing. 
and O'Brien appear as two limiting C/D models that "bracket" the range of 
results one can obtain by various models. 
investigate the sensitivity of the results to the choice of the model. 
Inert scalar mixing is found t o  be less model-sensitive than mixing 
accompanied by chemical reaction. Infinitely fast chemistry approximation 
i s  used t o  relate the C/D approach to Toor's earlier results. Pure mixing 
and infinite rate chemistry calculations are compared to study further a 
recent result of Hsieh and O'Brien who found that higher concentration 
moments are not sensitive to chemistry. 
Lin, Chin-Shun (ICOMP): "Numerical Calculations of Turbulent Reacting Flow in a 
Gas-Turbine Combustor." ICOMP Report No. 87-2, April 1987, 20 pages. 
This finding is used to 
A numerical study for confined, axisymmetrical, turbulent diffusion flames 
is presented. Local mean gas properties are predicted by solving the 
appropriate conservation equations i n  the finite-difference form with the 
corresponding boundary conditions. 
model is employed t o  describe the turbulent nature of the flow. 
kinetic model is assumed to govern the reaction mechanism. 
reaction rate is the smaller of an Arrhenius type of reaction rate and a 
modified version of eddy-breakup model. 
between calculations and measurements, but to obtain better agreement, more 
work is needed on improvements of the above mathematical models. 
the present numerical study offers an improvement in the analysis and design 
of the gas turbine combustors. 
The k-e two-equation turbulence 
A two-step 
The finite 




I Plesha, Michael E. (ICOMP), and Steinetz, Bruce M. (NASA Lewis): "A 
Constltutive Law for Finite Element Contact Problems with Unclassical 
Friction." ICOMP Report No. 86-1, November 1986, 19 pages. 
This reDort addresses techniques for modeling complex, unclassical 
contactLfriction problems arising in solid and structural mechanics. 
constitutive modeling concept is employed whereby analytic relations 
between increments of contact surface stress (i.e., traction) and contact 
surface deformation (i.e., relative displacement) are developed. Because 
of the incremental form of these relations, they are valid for arbitrary 
load-deformation histories. The motivation idealizations can be implemented 
in finite element analysis software in a consistent, straightforward 
manner. Of particular interest in this report i s  modeling of two-body 
( i  .e., unlubricated) metal-metal, ceramic-ceramic, and metal-ceramic 
contact. Interfaces involving ceramics are of engineering importance, 
ceramics being considered for advanced turbine engines i n  which higher 
temperature materials offer potential for higher engine fuel efficiency. 
A 
Semi nar s 
Professor Fred A. Akl, Ohio University: 
Element Sys terns. I' 
"Parallel Processing of Large Fin 
Consider a parallel processor with (n+l) processors. The first n 
processors are designated as domain processors and the last processor 
(n+l)st. is referred to as a qlobal wocessor. A finite element mode 
te 
can 
be divided into n domains each of which is assumed to possess m 
elements. The multi-frontal soluion method offers a new parallel algorithm 
for the solution of the generalized eigenproblem KD = MDL, typically 
encountered in finite element modelling of linear systems. It is based on 
the classical frontal solution method for the solution of linear 
simultaneous equations and the modified subspace method for the solution of 
the generalized eigenproblem. 
for the degrees of freedom (DOF) within each domain exclusive of those DOF 
located along the boundary. Concurrent analysis is realized by using each 
processor to create the stiffness and mass matrices of the elements located 
within its assigned domain, and by performing simultaneous assembly forward 
elimination and back-substitution for each domain. The modified subspace 
eigenanalysis method also exploits parallelism by projecting the stiffness 
and mass matrices onto the required subspace in each iteration within each 
domain. The global processor is assigned the task of solving for the DOF 
located along the global front which is comprised of the DOF located along 
the boundaries of all domains. It is also given the task of solving the 
auxiliary eigenproblem of the finite element model which arises by summing 
the contribution of the domains to the current subspace iteration. The 
multi-front can be visualized as sweeping all domains concurrently in 
forward then backward directions. This process can be repeated until the 
set of subdominant eigenpairs of the required subspace are determined t o  a 
specified degree of accuracy. 
Each domain processor is assigned to solve 
Dr. Peyman Givi, Flow Research Company: "Fundamental Studies of Turbulent 
Combustion and Spray Combustion." 
A summary of ongoing efforts in using direct numerical simulations (DNS), 
random-vortex methods and probability density function (PDF) techniques in 
t h e  computat ional  s tud ies  o f  t u r b u l e n t  r e a c t i n g  flows will be presented.  A 
brief summary of recent experimental efforts on colliding fuel droplets will 
also be given. 
Professor John Lavery, Case Western Reserve University: "Solution of Nonlinear 
Systems: Does Low-Order Convergence Outperform High-Order Convergence?" 
When solving nonlinear systems, one expects high-order methods t o  outperform 
low-order methods. Theoretical results on the relative performance of high- 
order and low-order methods in a sufficiently small neighborhood of a 
solution lend credence to this belief. Initial guesses are, however, rarely 
close to the solutions. When the approximate solution is far from the 
exact solution, low-order methods can be faster than high-order methods. 
Criteria that can be used to select an appropriate low-order method will be 
discussed. 
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Pro fesso r  Fred Lyman, Syracuse U n i v e r s i t y :  " E f f e c t  of Large-Scale Coherent 
Eddies on Boundary-Layer Flow and Heat Transfer  - A Prospectus f o r  Proposed 
Research. 'I 
The purpose o f  t h i s  seminar i s  t o  i n i t i a t e  d i s c u s s i o n  on a proposed research  
p r o j e c t  i n v o l v i n g  v o r t e x  i n t e r a c t i o n  w i t h  s o l i d  su r faces ,  a problem which 
i s  r e l e v a n t  to  t u r b i n e - b l a d e  h e a t  t r a n s f e r .  Some, as y e t  unexpla ined,  
exper imenta l  r e s u l t s  which m o t i v a t e d  t h i s  proposal  w i l l  be b r i e f l y  
descr ibed.  Approaches t o  a n a l y t i c a l - n u m e r i c a l  model ing o f  t h e  problem w i l l  
be discussed. The i n t e n t  o f  t h e  seminar i s  to  s t i m u l a t e  as much i n t e r a c t i o n  
as p o s s i b l e  w i t h  i n t e r e s t e d  Lewis researchers  w h i l e  t h e  problem i s  i n  i t s  
f o r m a t i v e  stages. 
I Pro fesso r  Fred Lyman, Syracuse U n i v e r s i t y :  "Two Problems i n  Vor tex-Sur face 
I nt e r ac t i on. It 
Two problems concern ing t h e  i n t e r a c t i o n  of v o r t i c e s  w i t h  s o l i d  bodies w i l l  
be discussed. The f i r s t  i s  t h e  e f f e c t  o f  a d i s c r e t e  v o r t e x  on t h e  f low and 
hea t  t r a n s f e r  i n  a boundary l a y e r .  Th i s  i s  a s imple model o f  what happens 
when v o r t i c e s  shed from a s t a t o r  vane i n t e r a c t  w i t h  a ro tor  b lade.  The 
v o r t e x  produces s t rong ,  r a p i d  pressure f l u c t u a t i o n s  near t h e  l e a d i n g  edge, 
which make i t  d i f f i c u l t  e i t h e r  to  o b t a i n  a l o c a l  s o l u t i o n  or t o  u t i l i z e  t h e  
usual  downstream marching techniques to  s o l v e  t h e  two-dimensional unsteady 
boundary- layer equa t ion .  A s e r i e s  t r u n c a t i o n  (or G a l e r k i n  s p e c t r a l )  method 
which avoids these d i f f i c u l t i e s  w i l l  be desc r ibed .  The second problem, 
which i s  s t i l l  i n  i t s  f o r m a t i v e  s tages ,  was f o r m u l a t e d  t o  p r o v i d e  an 
a l t e r n a t i v e  e x p l a n a t i o n  for  the  observed v a r i a t i o n  o f  t o t a l  temperature i n  
t h e  wake o f  compressor s t a t o r  vanes. An i n v i s c i d  v o r t e x  i n t e r a c t i o n  model 
i s  developed t o  p r e d i c t  t h e  p ressu re  f l u c t u a t i o n s  around t h e  s t a t o r  b lade,  
which a r e  r e s p o n s i b l e  f o r  changes i n  t h e  t o t a l  temperature.  
I 
P ro fesso r  Steve S c h a f f e r ,  U n i v e r s i t y  o f  Utah: 
Equat ions . It 
" M u l t i g r i d  Methods for  t h e  Eu le r  
A b r i e f  d e s c r i p t i o n  o f  t h e  m u l t i g r i d  method w i l l  be g i v e n  for  a model 1-D 
problem. The convergence o f  t h e  a l g o r i t h m  i s  s t u d i e d  th rough  a l o c a l  mode 
a n a l y s i s  and some q u e s t i o n s  and shortcomings o f  the  m u l t i g r i d  E u l e r  codes 
a re  d iscussed.  Severa l  ideas for p o s s i b l e  improvement o f  t h e  a l g o r i t h m  a r  
g i ven .  
Dr. Avram S i d i ,  I s r a e l  I n s t i t u t e  of Technology: "Convergence A c c e l e r a t i o n  
Techniques f o r  Vector  Sequence." 
We w i l l  survey t h e  d i f f e r e n t  methods o f  a c c e l e r a t i o n  for v e c t o r  sequences. 
The sequences o f  i n t e r e s t  a r e  those generated by u s i n g  f i x e d  p o i n t  
i t e r a t i v e  techniques i n  s o l v i n g  l a r g e  systems o f  l i n e a r  or n o n l i n e a r  
equat ions such as those a r i s i n g  i n  t h e  numer ica l  s o l u t i o n  o f  p a r t i c a l  
d i f f e r e n t i a l  equa t ions .  A u n i f i e d  t rea tmen t  o f  the  d i f f e r e n t  methods w i l l  
be presented and some convergence r e s u l t s  w i l l  be g i ven .  
A l e x  Solomonoff,  Case Western U n i v e r s i t y :  "Behaviour o f  Boundary Layer  w i t h  
Moving Wall i n  an Adverse Pressure Grad ien t . "  
The p o t e n t i a l  flow about an a i r f o i l  i s  a l s o  a s o l u t i o n  o f  t h e  co r respond ing  
v iscous flow i f  t h e  c o r r e c t  boundary c o n d i t i o n s  a re  imposed. S ince such 
boundary c o n d i t i o n s  a r e  d i f f i c u l t  t o  achieve i n  p r a c t i c e ,  we can ask how 
I 
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w e l l  they must be approximated t o  achieve approx imate ly  p o t e n t i a l - f l o w  
performance. This  invo lves  i n v e s t i g a t i n g  the  behaviour o f  a boundary-layer 
f l o w  where the  w a l l  moves. Some r e s u l t s  based on s i m i l a r i t y  flows w i l l  be 
presented. 
D r .  J. David A. Walker, Lehigh U n i v e r s i t y :  "Turbulent  Flow a t  a Sharp T r a i l i n g  
Edge. I' 
I n  convent ional  c a l c u l a t i o n  methods for  t u r b u l e n t  flows, a subs tan t i a l  
number o f  the t o t a l  mesh po in ts  as w e l l  as computat ional  effort i s  r equ i red  
t o  adequately reso lve  the in tense temperature and v e l o c i t y  p r o f i l e  
v a r i a t i o n s  t h a t  occur i n  the near wa l l  reg ion .  I n  t h i s  p resenta t ion ,  an 
a lgo r i t hm i s  d iscussed i n  which an ou te r  reg ion  numerical  s o l u t i o n  i s  
matched to a s e t  o f  a n a l y t i c a l  p r o f i l e s  which descr ibe  the  mean ve loc i ty  
and temperature prof i l e s  near the  w a l l .  
der ived  on the bas is  o f  the exper imenta l l y  observed coherent s t r u c t u r e  o f  
the near wa l l  flow. I n  the c a l c u l a t i o n  procedure, s k i n  f r i c t i o n  and heat  
t r a n s f e r  c o e f f i c i e n t s  are obta ined from a lgebra i c  r e l a t i o n s  which are the  
mathematical statements t h a t  the ou te r  reg ion  numerical s o l u t i o n s  merge 
smoothly w i t h  the  wa l l  l a y e r  p r o f i l e s .  
number o f  t e s t  cases for  t u r b u l e n t  boundary l a y e r  flows. I t  i s  concluded 
t h a t  the present  approach y i e l d s  a t  l e a s t  a 50 percent  r e d u c t i o n  i n  the 
t o t a l  number o f  mesh p o i n t s  across the  boundary l a y e r  (as compared t o  
convent ional  methods) w i t h  no degradat ion i n  accuracy. 
These wa l l  l a y e r  p r o f  i l e s  are 
Ca lcu la t i ons  are presented f o r  a 
D r .  J .  David A. Walker, Lehigh U n i v e r s i t y :  "An Embedded Funct ion A lgo r i t hm for 
the  C a l c u l a t i o n  o f  Turbulence Flows Near Walls." 
The asymptot ic s t r u c t u r e  of the flow f i e l d  near a sharp t r a i l i n g  edge i s  
descr ibed. Much o f  the  near wake s t r u c t u r e  i s  shown t o  be independent o f  
turbulence model. A s o l u t i o n  for  the near wake r e g i o n  i s  ob ta ined us ing  a 
r e l a t i v e l y  simple turbulence model. 
RESEARCH AND CRITIQUE WORKSHOP 
A workshop was he ld  a t  NASA Lewis on August 15, 1986 t o  p rov ide  an 
o p p o r t u n i t y  for  presenta t ions  of research r e s u l t s  by ICOMP v i s i t i n g  reearchers 
to the ICOMP and Lewis s t a f f s  to  the  ou ts ide  community. The workshop concluded 
w i t h  a r e v i e w  o f  t h e  h i s t o r y  of ICOMP presen ted  by D r .  E l i  Reshotko, Chairman o f  
the  Steer ing  Committee, and an open forum a l l ow ing  for a c r i t i q u e  o f  ICOMP t o  
t h a t  date and suggestions for i t s  f u tu re  a c t i v i t i e s .  A l i s t  o f  the  research 
presenta t ions  du r ing  the workshop i s  g iven  below. 
D r .  Lo la  Boyce, U n i v e r s i t y  o f  Texas-San Antonio:  " P r o b a b i l i s t i c  S t r u c t u r a l  
Ana lys is  o f  a SSME Blade." 
D r .  S . H .  Chang, Cleveland Sta te  U n i v e r s i t y :  "Some Recent Mathematical 
Developments i n  Shock Captur ing Schemes f o r  Conversat ion Laws." 
Professor  Joseph Grady, Purdue U n i v e r s i t y :  "Dynamic Delaminat ion i n  a 
Composi t e  Lami nate.  I' 
Professor John Lavery, Case Western Reserve  U n i v e r s i t y :  "Frozen 
C o e f f i c i e n t s  and Newton's Method for  Incompressible N-S Equat ions."  
D r .  Avram S i d i ,  I s r a e l  I n s t i t u t e  o f  Technology: " A p p l i c a t i o n  of  
Ex t rapo la t i on  Methods to F l u i d  Mechanics Codes." 
9 
M. Plesha, Wiscons 
for  F i n i t e  Element 
n U n i v e r s i t y  
Con tac t  Prob 
" C o n t a c t - F r i c t i o n  C o n s t i t u t i v e  Models 
ems. I' 
Alex Solomonoff ,  Case Western Reserve U n i v e r s  
"Global  C o l l o c a t i o n  Methods for  Approx imat ion 
D i f f e r e n t i  a1 Equat ions . I '  
, OVERVIEW OF 1987 
I 
O r g a n i z a t i o n a l  Changes 
t y  and E l i  Turke 
and the  S o l u t i o n  
, Tel  Av iv :  
of 
The need for  a f u l l  t i m e  ICOMP D i r e c t o r ,  s t a t i o n e d  a t  NASA Lewis, has 
become apparent.  To f i l l  t h i s  need t h e  D i r e c t o r ' s  p o s i t i o n  was de f i ned ,  and a 
search i s  under way to  i d e n t i f y  and h i r e  a D i r e c t o r .  I n  t h e  i n t e r i m ,  and i n  
a d d i t i o n ,  D r .  Char les E. F e i l e r ,  r e c e n t l y  r e t i r e d  from NASA Lewis, was appointed 
Execu t i ve  O f f i c e r .  
I n  o r d e r  t o  g i v e  guidance t o  t h e  ICOMP S t e e r i n g  Commi t tee  i n  p l a n n i n g  
t h e  f u t u r e ,  an e x t e r n a l  A d v i s o r y  C o m m i t t e e  o f  d i s t i n g u i s h e d  leaders  i n  t h e  
computat ional  community has been formed. The Adv iso ry  Committee w i  11 meet 
Lewis i n  t h e  f a l l  o f  1987 f o r  t h e  purpose o f  examining t h e  program and g i v  
i t s  c o n s i d e r a t i o n  and o p i n i o n s  o f  how w e l l  ICOMP i s  meet ing i t s  o b j e c t i v e s  
members o f  t h e  A d v i s o r y  Committee a r e :  D r .  Ted Be ly t schko  o f  Nor thwestern 
U n i v e r s i t y ,  D r .  E a r l 1  Murman o f  M . I . T . ,  D r .  J .  T i n s l e y  Oden o f  t h e  Un ive rs  
Texas, D r .  Steven Orszag o f  P r i n c e t o n  U n i v e r s i t y ,  and D r .  S t a n l e y  Rubin o f  
U n i v e r s i t y  o f  C i n c i n n a t i .  
for  
a t  
ng 
The 
t y  o f  
t h e  
V i  s i t i n g  Researchers 
D u r i n g  t h e  c u r r e n t  yea r  t h e r e  has been a m i x  o f  s h o r t  t e r m  ( s e v e r a l  days t o  
summer) and l o n g  t e r m  (one y e a r )  s tays  o f  v i s i t i n g  researchers ,  w i t h  t h e  l a r g e s t  
number o f  researchers  b e i n g  a t  ICOMP d u r i n g  t h e  summer. T h i s  p a t t e r n  i s  l i k e l y  
t o  c o n t i n u e  d u r i n g  t h e  coming year  w i t h  some inc rease  i n  t h e  number o f  
researchers .  
There has been a major  e f f o r t  i n  p r o v i d i n g  o f f i c e  space a t  Lewis so t h a t  
t h e  ICOMP v i s i t o r s  can be l o c a t e d  i n  one area for e f f e c t i v e  i n t e r a c t i o n ,  and 
a l s o  i n  p r o v i d i n g  conven ien t  housing for  v i s i t o r s .  
con t i nued  d u r i n g  t h e  comi ng yea r .  
Th i s  e f f o r t  w i l l  be 
P1 ans 
The major  a c t i v i t y  o f  ICOMP i s  i t s  c o n t i n u i n g  research  d i r e c t e d  toward 
improv ing  computat ional  methodology and capabi 1 i ty .  I t s  main p roduc ts  a r e  t h e  
research  r e s u l t s  t r a n s m i t t e d  as r e p o r t s  w i t h i n  NASA and i n  t h e  open l i t e r a t u r e ,  
and t h e  exchange o f  i n f o r m a t i o n  and ideas d u r i n g  t h e  course of t h e  r e s e a r c h e r s '  
s t a y s  a t  ICOMP. I n  o r d e r  t o  enhance t h i s  exchange o f  i n f o r m a t i o n  and ideas a 
s e r i e s  o f  seminars g i v e n  by ICOMP v i s i t o r s  has been held,  i n  a d d i t i o n  t o  
seminars g i v e n  by o u t s i d e  speakers. I n  a d d i t i o n ,  a t  t h e  end o f  summer 1986 a 
workshop was h e l d  a l l o w i n g  for  p r e s e n t a t i o n s  o f  major  research  r e s u l t s  b y  t h e  
v i s i t i n g  researchers ,  and a t i m e  f o r  s e l f - e v a l u a t i o n  of t h e  y e a r ' s  program. 
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ICOMP's seminar and workshop activities will continue and expand. Also 
other mechanisms will be sought t o  provide for broader interaction with the 
scientific community interest in ICOMP's areas of research, and for more rapid 
dissemination o f  research results. 
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INTERNAL FLUID MECHANICS DIVISION FLUID MECHANICS AND AEROSPACE 
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PROFESSOR ROBERT L .  MULLEN. 
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PROFESSOR JOHN LAVERY. 
NUMERICAL ANALYSIS 
FIGURE 2. - ICOMP ORIGINAL STEERING COMMITTEE. 1985. 
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N W U N I V E R S I T Y  
AKL. FRED - OHIO U. ( S )  
BOYCE. LOLA - TEXAS (S) 
CHANG, SHIH-HUNG - CLEVE. ST. (F) 
COWLEY. STEVEN - IMPERIAL COL. (F) 
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G I V I .  PEYMAN - FLOW RESEARCH (F) 
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LIN, CHIN-SHUN - IOWA STATE ( F )  
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ROSE. M I L T  ( F )  
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TURKEL. E L I  - TEL AVIV. ISRAEL ( F )  
WALKER, J. DAVID - LEHIGH (F) 
WEY. CHOWEN - GA. TECH. ( F )  
WHITFIELD, DAVID - MISS. ST. ( F )  
(S)  STRUCTURES (F) FLUID MECHANICS 



















FIGURE 3. - ICOMP V I S I T I N G  RESEARCHERS. 1985-1986. 
/30/8? 
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FIGURE 4. - SPRING 1986 ICOMP PARTICIPANTS. FRONT. LEFT TO RIGHT: F .  LYMAN. SYRACUSE: 
G. FIX.  CARNEGIE-ELLON: J. GRADY. PURDUE: J. LAVERY. CASE WESTERN RESERVE: BACK. LEFT 
TO RIGHT: 
MONGfF, CASE WESTERN RESERVE: L .  POVINELLI. NASA LEWIS RESEARCH CENTER. M. GOLDSTEIN, 
NASA LEWIS RESEARCH CENTER: E. TURKEL, TEL AVIV. 
I .  GREBER, CASE WESTERN RESERVE: E. RESHOTKO. CASE WESTERN RESERVE: A. SOLO- 
FIGURE 5. - SUMMER 1986 ICOMP PARTICIPANTS, FRONT. LEFT TO RIGHT: C. LIN. IOWA STATE; 
I .  GREBER. CASE WESTERN RESERVE: L .  BOYCE. UNIV. OF TEXAS: F. AKL, OHIO U.. S. CHANG, 
CLEVELAND STATE: BACK. LEFT TO RIGHT: E. RESHOTKO. CASE WESTERN RESERVE: L. POVINELLI, 
NASA LEWIS RESEARCH CENTER: J. GRADY, PURDUE: M. PLESHA, WISCONSIN U.: J. LAVERY, CASE 
WESTERN RESERVE: AVRAM S I D I .  TECHNION: A. SOLOMONOFF, CASE WESTERN RESERVE: D. WALKER, 
LEHIGH UNIVERSITY. 
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